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ANORTHOSITES: CLASSIFICATION, MYTHOLOGY, T R I V I A ,  AND A SIMPLE UNIF IED THEORY 
L.D. Ashwal, Lunar and Planetary I n s t i t u t e ,  3303 NASA Road 1, Houston, TX 77058 
Ashwal and Burke (1) o f f e r e d  a p rov i s iona l  c l a s s i f i c a t i o n  o f  anorthosi te,  
which i s  given here i n  Table 1 along w i t h  the  general c h a r a c t e r i s t i c s  o f  each 
type. 
anorthosi tes.  I also  inc lude here i n  Table 2 some i n t e r e s t i n g  f a c t s  about 
t e r r e s t r i a l  anor thos i tes f o r  those in te res ted  i n  wor ld records. 
I use t h i s  as a bas is  t o  discuss and d ispel  c e r t a i n  misconceptions about 
Myth t l .  There was a d i s t i n c t  anor thos i te  "event" i n  the l a t e  Proterozoic.  
. T e r r e s t r i  a1 anor thos i tes are commonly perceived as uniquely Precambrian 
rocks which formed dur ing a catast rophic  anor thos i te  "event" about one b i l l i o n  
years ago (2).  
G r e n v i l l e  Province o f  t he  Canadian Shield, a ter rane unusually r i c h  i n  
anorthosi te,  many (but  c e r t a i n l y  no t  a l l )  o f  t he  massifs have been s t rong ly  
deformed and metamorphosed by the  intense l a t e  Proterozoic G r e n v i l l  i a n  orogeny, 
a probable T ibe tan -s ty le  cont inent-cont inent  c o l l i s i o n .  The G r e n v i l l  i a n  event 
e f f e c t i v e l y  r e s e t  i s o t o p i c  systems inc lud ing  K-Ar ,  Rb-Sr, U-Pb, and even t o  some 
extent  Sm-Nd. There has been some success, however, p a r t i c u l a r l y  w i t h  the  
whole-rock Sm-Nd method, i n  reveal ing pre-metamorphic ages (3). 
t h a t  even h i g h l y  deformed massifs such as i n  the  Adirondacks, N.Y. pre-date the 
G r e n v i l l i a n  event, and i f  the i n t e r p r e t a t i o n  o f  Ashwal and Wooden (3) i s  
correct ,  as much as 300 Ma may separate emplacement o f  t he  Marcy anor thos i te  
massif and the  younger metamorphism. I n  any case, r e l i a b l e  ages o f  anor thos i te  
massifs i n  the  eastern Canadian Shie ld  range between about 1.1 and 1.65 Ga 
( 4 , 5 ) ,  and poss ib l y  as o l d  as 2.55 Ga, i f  the  River Val ley a n o r t h o s i t i c  p lu ton  
o f  t he  southwestern G r e n v i l l e  Province (6) i s  considered a t r u e  massif.  There 
i s  no evidence, therefore,  f o r  a d i s t i n c t  anor thos i te  event. Massi f - type 
anorthosi tes do seem t o  be, however, a s t r i c t l y  Proterozoic phenomenon, and a 
s a t i s f a c t o r y  explanat ion f o r  t h i s  i s  as yet unavailable. I f  other  anor thos i te  
types are included, i t  may be s tated t h a t  anor thos i te  has been produced over the  
e n t i r e  range o f  geologic time, and i s  forming today (Table 1). 
Myth #2. 
This myth probably owes i t s  o r i g i n  t o  the f a c t  t h a t  i n  the  
I t i s  c l e a r  
Anorthosi tes are a major cons t i t uen t  o f  t he  lower c rus t .  
There has been and continues t o  be, i n  the  minds o f  many, an u n f a i r  
Perhaps t h i s  
I n  addi t ion,  o r  poss ib ly  as a r e s u l t ,  a popular hypothesis 
connection between anor thos i tes and g r a n u l i t e  fac ies  metamorphism. 
i s  because the  b e t t e r  known, o r  more e a s i l y  accessible occurrences have been 
punished t h i s  badly. 
f o r  t he  o r i g i n  o f  massi f - type anorthosi tes inv loved in t rus ion ,  c r y s t a l 1  i z a t i o n ,  
and coo l i ng  o f  t he  massifs i n  the  lower c r u s t  (e.g. 7). Decades o f  work i n  the  
r e l a t i v e l y  inaccess ib le  p a r t s  o f  Labrador by E.P. Wheeler and S.A. Morse and 
t h e i r  col leagues show t h a t  t he  voluminous anorthosi tes o f  t he  Nain Province were 
emplaced i n t o  the  upper crust ,  a t  depths no more than about 5 km (8,9). 
r e c e n t l y  i t  has been shown on the basis of oxygen i s o t o p i c  measurements t h a t  the 
Adirondack anorthosi te,  although metamorphosed t o  h igh pressure g r a n u l i t e  
facies,  was o r i g i n a l l y  emplaced a t  a shal low l e v e l ,  probably l ess  than 10 km 
depth (10). 
cases, these appear t o  be the  exception r a t h e r  than the  r u l e .  
More 
Although deep emplacement o f  anor thos i te  i s  a p o s s i b i l i t y  i n  some 
A r e l a t e d  myth holds t h a t  anor thos i te  can form as a r e f r a c t o r y  residue 
dur ing anatect ic  me l t i ng  w i t h i n  the  c rus t .  There i s  some support f o r  t h i s  
hypothesis from h igh pressure experimental pet ro logy ( l l ) ,  and the  idea o f  
res idual  anor thos i te  a f t e r  e x t r a c t i o n  o f  broadly g r a n i t i c  mel ts  from the  deep 
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crust has been incorporated into some widely accep 
Tibetan-style continental collision zones (e.g. 12 
evidence that ANY known anorthosite formed in this 
are plutonic igneous rocks which crystal1 ized from 
magmas. 
Several authors have speculated that anorthos 
(12,13), if not a major (11,14) constituent of the 
Seismic studies (151 Dermit. but do not Drove this 
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ed tectonic models of . There is no convincing 
way. Rather, anorthosites 
mantle-derived si1 icate 
te should be a substantial 
lower continental crust. 
Admittedly, some deep 
anorthosite 
. I .  
crustal terranes exposed at'the surface do contain 
(e.g. Adirondacks,West Greenland, South India), but as discussed above, this is 
a vagary of collisional tectonics. Many high-grade terranes, such as New Quebec 
(16) are anorthosi te-free. 
crustal nodule suites of kimberlites and alkali basalts also argues against an 
anorthositic lower crust. There is no reason, therefore, to suspect that 
anorthosite is any more abundant in the lower crust than it is on the Earth's 
surface. 
The relative paucity of anorthosite among lower 
Myth #3. 
intrusions. 
Archean anorthosites are metamorphosed equivalents of 1 ayered mafic 
A variety of origins have been proposed for Archean calcic anorthosites 
(summarized in ref. 17). One popular notion, based primarily on the 
Fiskenaesset anorthosite of West Greenland, and subsequently extended to other 
occurrences, is that these anorthosites represent metamorphosed and deformed 
equivalents of anorthosite-bearing layered intrusions ("stratiform type") such 
as the Bushveld or Stillwater (18). The differences among these two anorthosite 
types far outweigh their similarities. Archean anorthosites are characterized 
by a distinctive texture consisting of equant, calcic plagioclase megacrysts in 
a mafic groundmass which is commonly basaltic in composition. This texture can 
be recognized in nearly all Archean anorthosite occurrences, even in those 
affected by high grade metamorphism (e.g. 19), and is absent from 
anorthosite-bearing layered intrusions. Although there is some overlap in 
plagioclase composition between the two anorthosite types, Archean anorthosites 
are uniformly highly calcic (Table 1). In contrast to Archean anorthosites, 
layered mafic intrusions are not temporally restricted (Table 1). The tectonic 
setting of Archean anorthosites i s  still poorly understood, but many are 
associated with mafic volcanic units of greenstone belts, suggesting the 
probability of an oceanic setting (20,21). 
A Simple Unified Theory 
Basalt is a mantle-derived partial melt of peridotite. A similar 
fundamental statement about the origin of anorthosite cannot be made with equal 
certainty. Anorthositologists cannot yet agree as to whether the parental me1 ts 
of anorthositic rocks were crustal- or mantle-derived, let alone what the 
composition o f  these melts was. I believe, however, that sufficient geological , 
petrological, mineralogical, geochemical, and isotopic information exists about 
anorthosites of all types to make a general statement concerning their origin: 
"anorthosites are cumulates of plagioclase feldspar from mantle-derived basal tic 
magmas." I offer this simple statement as a provisional hypothesis applicable to 
- all anorthosite types, both terrestrial and extraterrestrial. 
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Table 1. Anorthosite Types and Characteristics 
Type Texturn mol.% An Ages (Ga) Ore Deposits Examples 
Archean equant megacrysts 75-90 2.7-3.75 Cr, Fe-T Bad Vermilion L, Ont; 
Sittampundi, India 
Proterozoic (Massif-Type) laths up to 1 m 40-65 1.0-1.7+ Fc-Ti Marcy, N.Y.; Nain, 
up to 30 cm 
Labrador 
Stratiform variable 50-80 0.1-2.7 Cr, Pt, Fe-Ti, V Stillwater, Montana; Dufek, 
Antarctica 
Oceanic adcumulate 68-75 0.0 - mid-Atlantic, mid-Indian 
(a) mid-ocean ridge ridges 
(b) ophiolite adcumulate 78-82 0.444.04 - Bay of Islands, 
Newfoundland 
Inclusions 
(a) cognate 
variable variable 0.0-1.2 - Gardar dikes, Greenland 
(b) xenolithic variable variable ? - Beaver Bay diabase, 
Minnesota 
Extraterrestrial adcumulate 95-98 -4.4 ? Lunar crust 
Table 2. Anorthosite Trivia 
3.75 Ga Manfred Complex, Yilgarn Block, Western Australia 
0.00 Ga Mid-Atlantic, Mid-Indian, Midayman Ridges 
> 15,000 km’ Cunene massif, Angola 
Sittampundi anorthosite (Archean), India (plag > cor + lis) 
Bushveld Layered Intrusion, South Africa (Pt, Cr, Fe, Ti, V) 
Oldest: 
Youngest: 
Largest: 
Most Punished: 
Most Profitable: 
